E)fpress Mail Label No. EV 063794770 US 



iSUTILITY PATENT APPLICATION TRANSMITTAL 
^ (Large Entity) 

I ? (Only for new nonprovisional applications under 37 CFR 1.53(b)) 



Docket No. 
MJA-24102/03 



Total Pages In this Submission 
48 



It, to the assistant COMMISSIONER FOR PATENTS 



O Box Patent Application 

Washington, D.C. 20231 

Transmitted herewith for filing under 35 U.S.C. 1 1 1 (a) and 37 C.F.R. 1 .53(b) is a new utility patent application for an 
invention entitled: 



A SYSTEM AND METHOD OF METABOLIC RATE MEASUREMENT 




and invented by: 



JAMES R. MAULT 



ifj§ CONTINUATION APPLICATION, check apf^opriate box and supply the requisite infonvation: 
Q Continuation □ Divisional □ Continuation-in-part (CIP) of prior application No.: 
V||ich is a: 

ifi Continuation □ Divisional □ Continuation-in-part (CiP) of prior application No.: 

\|/|ilch is a: 

Continuation □ Divisional □ Continuation-in-part (CIP) of prior application No.: 
tf^closed are: 

Ml Application Elements 

1. S Filing fee as calculated and transmitted as described below 

2. S Specification having 36 pages and including the following: 



a. 




b. 




c. 


□ 


d. 


□ 


e. 




f. 




g- 




h. 




i. 




j- 





Jaim(s) as Classified Below 25006 

PATENT TRADEMARK OmCE 

j. IS Abstract of the Disclosure 



Page 1 of 4 



P01ULRG/REV06 



UTILITY PATENT APPLICATION TRANSMITTAL 
(Large Entity) 

(Only for new nonprovisional applications under 37 CFR 1.53(b)) 



Docket No. 
MJA-24102/03 



Total Pages in this Submission 
48 



Application Elennents (Continued) 

3. IS Drawing(s) (when necessary as prescribed by 35 USC 113) 

a. □ Formal Number of Sheets 

b. S Informal Number of Sheets 5 

4. IS Oath or Declaration 

a. □ Newly executed (original or copy) IS Unexecuted 

b. □ Copy from a prior application (37 CFR 1 .63(d)) (for continuation/divisional application only) 

c. iS With Power of Attorney □ Without Power of Attorney 

d. □ DELETION OF INVENTOR{S) 

Signed statement attached deleting lnventor(s) named in the prior application, 
see 37 C.F.R. 1 .63(d)(2) and 1 .33(b). 

□ Incorporation By Reference (usable if Box 4b is checked) 

The entire disclosure of the prior application, from which a copy of the oath or declaration is supplied 
under Box 4b, is considered as being part of the disclosure of the accompanying application and is hereby 
M incorporated by reference therein. 

Il6. □ CD ROM or CD-R in duplicate, large table or Computer Program (Appendix) 
||7. □ Application Data Sheet (See 37 CFR 1.76) 

i? 8. □ Nucleotide and/or Amino Acid Sequence Submission (if applicable, ail must be included) 

17 J a. □ Computer Readable Form (CRF^ 

51 b. □ Specification Sequence Listing on: 

; J i. □ CD-ROM or CD-R (2 copies); or 

|?| ii. □ Paper 

c . □ Statement(s) Verifying Identical Paper and Computer Readable Copy 

Accompanying Application Parts 

9. □ Assignment Papers (cover sheet & documenf(s)) 

10. □ 37 CFR 3.73(B) Statement (when there is an assignee) 

11. □ English Translation Document (if applicable) 

12. □ Information Disclosure Statement/PTO-1449 □ Copies of IDS Citations 

13. □ Preliminary Amendment 

14. □ Return Receipt Postcard (MPEP 503) (Should be specifically itemized) 

15. □ Certified Copy of Priority Document(s) (if foreign priority is claimed) 

16. S Certificate of Mailing 

□ First Class S Express Mail fSpec/7y Lafee/ A/o.j; EV 063794770 US 



Page 2 of 4 



P01ULRG/REV06 





Docket No. 


UTILITY PATENT ArrLILrAI lUlM 1 KAiMoivii I iml 


MJA-24 102/03 


(Larae Entitv) 


Total Pages In this Subnnisslon 


(Only for new nonprovisional applications under 37 CFR 1.53(b)) 


48 


Accompanying Application Parts (Continued) 




17. □ Additional Enclosures (please identify below): 





Request Tiiat Application Not Be Published Pursuant To 35 U.S.C. 122(b)(2) 

IK □ Pursuant to 35 U.S.C. 122(b)(2), Applicant hereby requests that this patent application not be 

'1 published pursuant to 35 U.S.C. 122(b)(1). Applicant hereby certifies that the invention disclosed 

'fl in this application has not and will not be the subject of an application filed in another country, or 

O under a multilateral international agreement, that requires publication of applications 18 months 

U after filing of the application. 

#^ Warning 

CI An applicant who makes a request not to publish, but who subsequently files in a foreign 

country or under a multilateral international agreement specified in 35 U.S.C. 

122(b)(2)(B)(l), must notify the Director of such filing not later than 45 days after the date of 
f ? the filing of such foreign or international application. A failure of the applicant to provide 

13 such notice within the prescribed period shall result in the application being regarded as 

abandoned, unless it is shown to the satisfaction of the Director that the delay in 

submitting the notice was unintentional. 



P^e3 of 4 



P01ULRG/REV06 



UTILITY PATENT APPLICATION TRANSMITTAL 
(Large Entity) 

(Only for new nonprovisional applications under 37 CFR 1, 53(b)) 



Docket No. 
MJA-24102/03 



Total Pages in this Submission 
48 



Fee Calculation and Transmittal 



CLAIMS AS FILED 



/CI ■ For 


#Filed 


#Allowed 


#Extra 


Rate 


Fee 


— ^ 

T$|al Claims 


30 


-20 = 


10 


X $18.00 


$180.00 


Iri^ep. Claims 


5 


- 3 = 


2 


X $84.00 


$168.00 


Multiple Dependent Claims (check if applicable) □ 


$0.00 


ri 








BASIC FEE 


$740.00 


cStHER FEE (specify purpose) 


$0.00 










TOTAL FILING FEE 


$1,088.00 



S A ciieck in the amount of $1,088.00 to cover the filing fee is enclosed. 
IS The Commissioner is hereby authorized to charge and credit Deposit Account No. 07-1180 
as described below. A duplicate copy of this sheet is enclosed. 

□ Charge the amount of as filing fee. 
IS Credit any overpayment. 

S Charge any additional filing fees required under 37 C.F.R. 1.16 and 1.17. 

□ Charge the issue fee set in 37 C.F.R. 1 .1 8 at the mailing of the Notice of Allowance, 
pursuantto 37 C.F.R. 1.311(b). A a 

/ *' Signature 

BEVERLY M. BUNTING 
Dated. March 4, 2002 REG. NO. 36,072 

GIFFORD, KRASS, GROH, SPRINKLE, 
ANDERSON & CITKOWSKI, P.C 
280 N. OLD WOODWARD AVE., STE. 400 
BIRMINGHAM, MI 48009 
cc: (248)647-6000 




Page 4 of 4 



P01ULRG/REV06 



MJA-24102/03 
20301gs 



A SYSTEM AND METHOD OF 
METABOLIC RATE MEASUREMENT 

Related Applications 

This application claims priority of United States Provisional Patent 
Applications 60/273,143 filed March 2, 2001 and 60/275,931 filed March 15, 
2001, which are incorporated herein by reference. 

Field of the Invention 

The invention relates to indirect calorimetiy, and more specifically to 
the use of indirect calorimetry to determine flie metabolic rate for an individual. 
Background of the Invention 

The measurement of a person's metabolic rate can provide extremely 
usefid information for fitness planning, weight loss programs, cardiac recovery 
programs, and other health-related progratns. For example, in a weight control 
program, the resting metabolic rate is important in calculating the calorie 
expenditure of the person. Metabolic rate detennination during exercise allows 
calculation of energy expended diuing the exercise. 

The indirect calorimeter is used to determine the metabolic rate of an 

individual by measuring their oxygen consumption during respiration over a 

period of time. A variety of indirect calorimeters for measuring oxygen 

consumption during respiration have been devised. One form of a respiratory 

calorimeter is disclosed in U.S. Patent Application Nos. 4,019,108; 5,038,792; 

and 5178,155 all to Mault, which are incorporated herein by reference. In this 

type of calorimeter, the volume of a subjecfs inhalations are measured over a 

period of time, and the volume of the subject's exhalations after carbon dioxide 

1 
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in flie exhalations have been removed by an absorbent scrubber are also 
measured. These measurements are integrated over the time of measurement 
and the difference between lke two summed volumes is a measure of the 
individual's oxygen consumption. This follows from Ihe fact that inhaled 
oxygen is either absorbed into the blood in the subject's limgs or expelled 
during exhalation. Some portion of the blood absorbed oxygen is replaced with 
CO2. When the CO2 is removed from the exhaled volume, the summed 
difference between inhalation and exhalation volume over a period of time is 
eqxial to Ihe absorbed oxygen. In some versions of the prior calorimeters, a 
capnometer was also used to measure the instantaneous value of the exhaled 
CO2 in a breath allowing the calculation of CO2 production. Resting Energy 
Expenditure (REE) and Respiratory Quotient (RQ). 

More recently, an improved indirect calorimeter known as a gas 
exchange monitor (GEM) is disclosed in U.S. Patent No. 6,309,360 Bl also to 
Mault, wliich is incorporated herein by reference. Other indirect calorimeter 
embodiments are described in U.S. Patent Nos. 6,135,107 and 5,836,300. The 
GEM provides for accurate determination of a subject's metabohc rate, both at 
rest and during exercise. The GEM includes a pair of ultrasonic transducers so 
as to determine gas flow rates through the device, and a fluorescence oxygen 
sensor so as to determine the eflTectively instantaneous O2 concentration within 
the gas flow. By integrating flow rate data and oxygen concentration data into 
flow volumes of O2, and subtracting exhaled O2 volumes from inhaled O2 
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volumes, ttie consumed volume of 0% and hence the metabolic rate of a subject 
is detenninable. 

Another respiratory parameter related to metabolic rate is 1he 
respiratoiy quotient (RQ). The RQ is defined as the ratio of ttie volume of CO2 
produced to the volume of O2 consumed, i.e. RQ = VC02A^02. This typically 
varies within the range 0.7 to 1, depending on the metaboUc processes of the 
person. If RQ is greater than 1, then the individual is consuming more calories 
than they are expending. This will result in fat storage. In carbohydrate 
metaboUsm, one mole of carbon dioxide is produced for each mole of oxygen 
consumed, hence RQ = I. In order to metabolize fat RQ should be about 0,7, 
whereas for protein metaboUsm RQ - 0.8. For a person at rest, RQ is typically 
aroimd 0.82-0.85. Lower values of RQ may indicate fat consumption by flie 
body. RQ can be measured directly if oxygen consumption volume and carbon 
dioxide production volume measurements are made, as described in the '360 
patent. Gas volumes are converted to volumes at standard conditions, 
conventional body temperature and standard pressure (BTSP) or standard 
temperature and pressure, dry (STPD). Exhaled gases may be assumed to be at 
body temperature and at 100% humidity. 

While the GEM and other types of indirect calorimeters work well in 
measuring the oxygen consumption of an individual, there is a need in the art 
for a method of determining the metabohc rate of an individual using a cost- 
eflScient device. 
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Summary of Ifae Inventioii 

Accordingly, the present invention is a system and method of metabolic 
measurement for an individual. The system includes a flow path and a flow 
sensor disposed in the flow path, such that tfie flow smsor senses a flow rate of 
exhaled gas from the individual through the flow path. The spirometer also 
includes a processor having a memory in communication with the flow sensor. 

The mettiod of metabolic rate measurement for fee individual includes 
the steps of measuring an exhaled gas volume for the individual using the 
spirometer , detemiining a respired gas volume for ttie individual using the 
exhaled gas volume and a ventilatory equivalent; and determining a metabolic 
rate for the individual from tiie respired volume. 

One advantage of the present invention is that a system and method of 
metabohc measurement for an individual is provided that uses a cost-eflBcient 
device. Anofeer advantage of the present invention is tiiat a spirometer is used 
to measure the volxmie of gas inhaled or exhaled by an individual, and used to 
determine metabohc rate. Still another advantage of the present invention is 
that fee mefeod of determining fee metabolic rate of an individual uses exhaled 
gas volume and a numerical parameter related to fee ventilatory equivalent for 
the individual. A ftirfeer advantage of fee present invention is that ventilatory 
equivalent is estimated from a physiological parameter. Still a fiirfeer 
advantage of fee present invention is feat a micro-machined ultrasonic 
transducer is used to measure parameters such as temperature, humidity and 
pressiffe. 



SI 
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Other features and advantages of the present invention will be readily- 
appreciated, as the same becomes better understood after reading the 
subsequent description taken in conjunction witfi flie accompanying drawings. 
Brief Description of the Drawings 

FIG. 1 is a schematic diagram of a system for metabohc rate 
measurement for an individual, according to ttie present invention. 

FIG, 2 is a graph illustrating the breath flow rate over time using flie 
system of FIG. 1, according to the present invention. 

FIG. 3 is a graph illustrating the YEQ for an individual using the 



O 1 0 system of FIG, 1 , according to the present invention. 



SI FIG 4 is a graph illustrating VCO2 for an individual using the system 

of FIG. 1, according to the present inventioa 
Ul FIG. 5 is a schematic diagram of an altemative embodiment of a system 

|K for measuring the metabolic rate of an individual, according to the present 

s 

111 15 invention. 

FIG 6 is a flowchart of a method of measuring metabolic rate using the 
system of FIG 1 or FIG. 5, according to the present invention. 

Detailed Description of flie Preferred Embodiii^iit 
Referring to FIG 1 , a spirometer for use in metaboUc rate measurement 
20 for an individual is illustrated. The spirometer measures a volume of gas 
inhaled or exhaled by the individual over a predetermined period, such as per 
breath, per minute, or some other time interval. The measured volume of gas 
inhaled or exhaled is used to calculate metabohc rate using known 

5 
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relationships. The exhaled voltime per minxrte is denoted Ve. Oxygen 
consumption volume per minute is denoted VO2, and carbon dioxide volume 
production per minute is denoted VCO2. Volumes are corrected to standard 
conditions. 

There are two known ventilatory equivalents which relate Ve to VO2 
and VCO2: 

VEQ(02) = VeA^02 
VEQ(C02) = VeAVC02 
It should be appreciated fliat ventilatoiy equivalent (VEQ) is assimied to be the 
ventilatory equivalent for oxygen VEQ(02) unless otherwise stated. 
Advantageously, the VEQ for an individual can be measured using an indirect 
calorimeter, such as the GEM, as previously described. The GEM determines 
an oxygen consxunption volume for a subject, from which a metaboHc rate is 
determined. The exhaled oxygen volume is determined by measuring the 
exhaled flow rate and instantaneous oxygen concentration of exhaled breath. 
Integration of flow rate and oxygen concentration signals provides an exhaled 
oxygen volume measurement, \\4iich is subtracted from an inhaled oxygen 
volume measurement to determine an oxygen consumption volimie. 
Integration of flow rate signals alone for exhaled breaths provides an exhaled 
volume measurement, and hence ttie vmtilatory equivalent can be determined 
from the ratio of exhaled volume to tiie o:3q^gen consumption volume. The 
processor of an indirect calorimeter can be used to determine the VEQ, and 
VEQ data can be shown on a display, along with metaboUc rate data. 
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The GEM can also be readily adapted to measure VEQ, by integrating 
exhaled flow rates to determine exhaled volume, and dividing this by the 
volume of oxygen consumed over the same time scale (for example, one 
minute or some number of breaths). The determined ventilatory equivalent 
5 VEQ can be entered into a suitably adapted spirometer, and used to estimate 
oxygen consumption and hence metabolic rate from measured exhaled 
volumes. 

The GEM can also be used to measure the resting metabolic rate 
II ^IMR) of an individxial for a predetermined period of time. For example, 

10 metabolic rate can be determined from oxygen volume consumed and carbon 
dioxide volume produced using the Weir equation, as discussed in the '360 
ijl patent. For a person at rest, tfie resting metabolic rate RMR in kcal/day is 

given by: 

RMR = 1.44 (3.581V02 + I.448VCO2) - 17,73 
15 The constant term 17.73 is related to nitrogen metabolism, and is not 

necessary. The volumes are those under standard conditions (STPD, standard 
temperature and pressure, dry, i.e. 0% humidity, O^'C, 760 mmHg). The Weir 
equation can be rewritten so as to dep^d only on VO2 or VCO2 using a 
respiratory quotient (RQ), where RQ = VC02A^02. For example, if RQ = 0.85, 
20 the equation can be written as: 

RMR = 6.93 VO2 

or 

RMR=8.15 VCO2 
7 
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Hence, if exhaled volvime Ve is measured, RMR is calculated by 
detennining VO2 or VCO2 using an appropriate ventilatory equivalent, and 
volume is corrected to standard conditions, as is known in the art. If both VO2 
and VCO2 are determined, then RMR can be calculated using the Weir 
equation. However, if only one ventilatory equivalent is known, so that either 
VO2 or VCO2 is determined from Ve, Ihen a value of respiratory quotient is 
needed to calculate RMR. The RQ, as previously described is measured for a 
person under controlled conditions (for example at rest after fasting), so that 
the measured value of RQ is appropriate if an RMR is later determined under 
similar conditions. Alternatively, RQ can also be estimated using demographic 
information, diet, and the like. RQ is preferably measured or estimated for 
conditions suitable for RMR det^mination, such as for a person at rest, several 
hours after a meal. 

Hence, RMR can be determined using a flow meter and an equation of 
the form: 

RMR = AVeA^Q(02) 
\s4iere Ihe parameter A includes calculated temperature, pressure, and humidity 
correction factors, and VEQ is determined in a calibration process, in vMch 
VEQ is found so that the RMR given using this equation agrees with the RMR 
determined using anotiier means. For example, by preferably using an indirect 
calorimeter, such as the GEM. It should be appreciated lhat an equation for 
predicting RMR, known in the art as the Harris-Benedict eqimtion, may also be 
used, thougji this is not a preferred method. For optimimi accuracy, tiie 

8 
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ambient pressure is determined and used in correcting exhaled volumes to 
standard conditions (or, equivalently, used in correcting the value of parameter 
A). However, for a low cost device, the atmospheric pressure is assumed to be 
1 atm 

An equation of the form RMR = B Ve can also be established, where 
the parameter B includes a number of experimentally determinable or 
estimable parameters, such as the effective temperature of exhaled breath, 
ambient pressure, RQ, and VEQ. For example, a person may exhale a certain 
volume of air in one minute. From this volume, an oxygen consumption 
volxmie is determined if VEQ is known. After correcting volumes to standard 
conditions, Ihe metaboUc rate is calculated using the Weir equation, providing 
a value of respiratory quotient is known or assumed. Ilie value of B is 
determined for an individual by comparing the exhaled volume of the 
individual with the metabolic rate of the individual, and the metabohc rate is 
determined using an indirect calorimeter or an expression in terms of 
demographic data such as age, weight, gender, height, ethnicity, body fat 
percentage, and the like. The value of B is estimated by estimating the 
ventilatory equivalent for the person. 

The spirometer 1 measures the flow of gas and includes a flow path 10 
enclosed by a flow tube 12 (represented in cross section). The spirometer 1 
also includes a flow sensor 14. The flow s^or 14 is disposed in flie flow path 
10 of the flow tube 12 and senses the flow of gas through the flow tube 12. 



9 
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One example of a flow sensor 14 is a pressure differential transducer 
that provides a signal correlating with the pressure difference across a flow 
obstruction (or pneumotach). This type of flow sensor 14 is described in U.S. 
Patent No. 5,562,101 to Hankinson or in U.S. Patent No. 5,038,773 to Norlien. 
5 Another example of a flow sensor 14 is a hot wire flow sensor 14 or hot wire 
anemometer, such as the flow sensor 14 described in U.S. Patent No, 5,518,002 
to Wolf, or other heated element flow sensor 14. Still anoAer example of a 
flow sensor 14 is an ultrasonic Doppler firequency shift sensor. A further 
example of a flow sensor 14 is a turbine or impeller based sensor, such as the 

10 sensor described in U.S. Patent No. 4,658,832 to BrugnoU. Still a fiirttier 
example of a flow sensor 14 is a micro-machined structure which undergoes 
flow induced distortions wiiich are detected, e.g. electrically. Yet a furtha: 
example of a flow sensor 14 is a vortex shedding detector It should be 
appreciated that the pressure of exhaled air is assumed to be the atmospheric 

15 pressure, and determined volumes are corrected to standard conditions, as 
required by the Weir equation, so that pressure is preferably measured. 

The flow sensor 14 provides a data signal witii the gas flow volume 
information to an amplifier 16 and an analog-to-digital converter 18. The 
digital signal from the converter 18 is transmitted to a processor 20. The 

20 processor 20 includes a memoiy, such as RAM 22 and/or ROM 24. The 
spirometer 1 also includes a display 26, a data communications port 28, and a 
pressure sensor 34. The spirometer 1 receives power firom a power supply 30, 
such as a battery. 
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The spirometer 1 also includes a wireless network connection 36 for 
operatively communicating over a communications network 37 to a central 
health network 38 to transfer or receive data. It should be appreciated that the 
central health network 38 may be a doctor's office, hospital or other such 
heaWi care provider. The spirometer 1 further includes a data entry mechanism 
32, such as a keypad, buttons, stylus entay, touch screen, or other mechanism, 
so that a user of the spirometer 1 can enter VEQ data into the spirometer 1. 

The spirometer 1 furflier includes a temperature sensor 40 for 
measuring the temperature of the gases. Preferably the temperature sensor 40 
responds faster than the flow sensor 14. However, during an exhalation, it is 
reasonable to assume that the gas is at, or slightly below, body temperature. 
The spirometer 1 still further includes a humidity sensor 42. However, again 
during an exhalation it is reasonable to assume that exhaled gases are at 100% 
humidity. 

In another example, the spirometer 1 includes a pair of ultrasonic 
transducers 44 disposed within the flow path, so as to transmit and receive 
ultrasonic pulses along the flow path. The use of micro-machined ultrasonic 
transducers reduces the cost of such devices. An example of such a sensor is 
made by Sensant Technologies of San Leandro, California Temperature, 
humidity, and pressure sensors are preferably integrated into a micro-machined 
transducer, which can lower production costs. These transducers are also 
useful in determining oxygen consumption using ultrasonic measurements 

11 
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alone (i.e., not using a separate gas component concentration sensor). This 
technique is described in PCT AppUcation No. WO 00/07498 to Mault. 

Hie transit time of pulses is related to the flow rate within the flow path 
10. An example of detOTXiining flow rate using an ultrasonic transducer is 
5 disclosed in U.S. Patent Nos. 5,647,370; 5,645,071; 5,503,151 and 5,419,326 to 
Hamoncourt, U.S. Patent No. 5,562,101 to Hankinson et al.; U.S. Patent Nos. 
5,831,175 and 5,777,238 to Fletcher-Haynes; and U.S. Patent No. 6,189,389 to 
van Bekkum et al, the contents of all of which are incoiporated herein by 
reference. It should be appreciated that digital signals may be provided to the 

10 processor 20 according to the transit times of pulse propagation between two 
transducers, such as using the technique described in commonly invented U.S. 
Patent No. 6,309,360 Bl, previously described. Temperature correction and 
compensation methods are well known in Ihe art for these types of transducers. 
The processor 20 detects the beginning and end of breaflis using periods 

15 of flow zeros and flow reversals, and integrates flow rate data to determine 
flow volumes for exhaled and inhaled breaflis. Total exhaled volume per 
minute (Ve) is calculated by accumulating exhaled volumes measured over a 
period of time, and divided by the time of measurement A discrete number of 
breaths, such as ten, can be used to determine Ve. 

20 Referring to FIG. 2, a graph 50 illustrating a breath flow profile using 

the spirometer 1 of FIG. 1 is illustrated. It is assumed that the breath flow is 
exhalation. The area under the flow curve 52 is related to the tidal volume. It 
should be appreciated that flow parameters useful in determining respiratory 

12 
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function may also be detennined, such as peak flow as shown at 56, FEVl as 
shown at 54 which is the shaded area defined by the curve at the 1 second 
boundary, exhalation length, vAdoh corresponds to tfie time at the end of the 
breath as shown at 58, and otiier parameters known in ttie art. The curves for 
normal breathing and breathing during exercise will differ fi*om the typical 
single breath curve used to determine respiratory parameters. Oxygen 
consumption or carbon dioxide production is preferably estimated from the 
exhaled volume for a predetermined period of time, such as 1 minute, during 
rest or activity at a certain level of intensity. 

VEQ may be described using a multi-parameter expression, including 
the effects of flow volumes, respiration firequency (breathing rate), and other 
physiological parameters such as heart rate. For example, an expression such 
as VEQ = A -t- BVe can be used, where A and B are constants, and Ve is the 
exhaled volume per minute. Ve increases as exercise intensity level increases, 
however VEQ is nearly constant for low levels of activities. 

Referring to FIG. 3, a curve 100 relating Ve to VEQ is illixstrated at 
101. Ve is relatively constant up to the person's anaerobic tiireshold, as shown 
at 102, and then increases at a near-linear fashion, as shown at 104. Various 
measurement points are shown at 106A-106E, and are obtainable by the GEM 
during a calibration procedure. The VEQ curve can be interpolated between 
measurement points, or described by a mattiematical equation fit to tfie 
measurement points. Jn this example, VEQ has a constant value (or a very 
weak dependence on Ve) for activity levels below the anaerobic threshold (AT) 

13 
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102, and a value more strongly dependent on Ve for activity levels above AT. 
For example, Ve may be 30 for activity levels below AT, and a formula such as 
VE = 30 + AX is used to describe activity levels above AT. Here, A is a 
constant for a given person, \^^ch may be determined in a calibration 
procedure using the GEM, and X is Ve, or alternatively X is (Ve -Veat), where 
Veat is tihie value of Ve at AT. 

The GEM is adaptable to determine the anaerobic threshold (AT) of a 
person. For example, the OEM is used to determine VEQ and Ve for a person 
during an exercise of escalating intensity. Referring to FIG. 4, a curve 108 of 
VCO2 with respect as to VO2 is shown at 110, and the anaerobic threshold is 
detemiined from the change in the slope of the curve, as shown at 1 12. An 
example of this technique is further described in U.S. Patent No. 6,174,289 to 
Binder, incorporated herein by reference. 

It should be appreciated that a spirometer 1 for determining VEQ in a 
calibration process may not require a pressure sensor 34, since the exhaled 
pressure and inhaled pressure can be assumed to be the same for volume ratio 
determinations. Volumes of consumed oxygen would preferably be 
determined using a flow sensor 14 and an oxygen concentration sensor (not 
shown), and exhaled volumes determined using a flow sensor 14, and the 
volimxe ratio determined using appropriate temperature corrections. 

hi still another example, flie ratio of exhaled volume to carbon dioxide 
production volume is determined to find VEQ(C02), and used to calibrate the 
spirometer 1. In still yet another example, a ratio of inhaled volume to carbon 

14 
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dioxide consiunption or oxygen production volumes is formed and used in a 
calibration process, however in this case the temperature and humidity of 
inhaled gases is determined for correction of gas volumes to standard 
conditions. 

In another embodiment, an indirect calorimeter is used for determining 
exhaled volume Ve, consumed oxygen VO2, produced carbon dioxide VCO2, 
and ventilatory equivalent VEQ for a person at rest and during exercises of 
different intensity levels. The indirect calorimeter includes a flow path 10, a 
flow sensor 14, an oxygen concentration sensor 50 and/or a carbon dioxide 
concentration sensor 52. A physiological monitor 54, such as a heart rate 
sensor, is used as an input to the processor 20 and to monitor tiie intensity level 
of an exercise. A physical activity sensor, such as a pedometer or GPS (global 
positioning system), is used to determine an exercise parameter, such as 
repetition rate or speed. VEQ correlates with a physiological function or 
exercise parameter. The anaerobic threshold is determined, and used in 
planning an exercise program. An example of this technique is described in 
US. Patent No. 6,176,241 to Blau et al., which is incorporated herein by 
reference. 

Another embodiment of a device for determining VEQCCOz) includes a 
flow sensor 14 and an instantaneous CO2 concentration sensor 52. Since only 
exhaled air is being analyzed, the temperature need not be measured to 
determine VEQ(C02), and the effect of pressure can be neglected, therefore a 
pressure sensor is not required. If RQ is known, for example as measured for a 
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given person, or assumed using demographic, diet data, and Ihe like, then 
VEQ(02) can then be readily determined. For example, the device may include 
an ultrasonic flow transducer pair and an IR CO2 sensor. Ve and VCO2 are 
determined for a person's exhalations, and used to determine VEQCCOi) for 
Ihe person. Humidity of the exhaled air is assumed to be 100%. RQ for the 
person is estimated, for example within the range RQ = 0.80-0.85 for the 
person at rest after fasting, and used to determine a value for VEQ(02). A 
spirometer 1 having a flow sensor 14 and a pressure sensor 34 is then used to 
measure Ve, and hence determine resting metabolic rate for the person. In a 
simple model, pressure is assumed to be 1 aim, but this will be a source of 
computed error. The metabolic measurements are preferably made under 
conditions similar to those used in determining VEQ, 

In a further embodiment, the spirometer 1 includes a flow path 10, a 
flow sensor 14 providing a signal correlating with flow rates along the flow 
path 10. The spirometer 1 also includes an instantaneous carbon dioxide sensor 
(capnometer) 52, such as an IR sensor, providing a signal correlated with 
carbon dioxide concentration within gases flowing through the flow path. 
Integration of flow data for exhalations gives Ve, and integration of flow data 
with CO2 concentration data provides an exhaled CO2 volume. For example, a 
person may exhale a Ve of 7.5 Uters in one minute. C^nometer data, 
integrated with flow data, provides an exhaled CO2 volume of 260 ml, at an 
assumed pressure of 1 atm and an assumed effective exhaled gas temperature 
of 32.5^^0. At STP, this corresponds to a volume of 2. 12 ml. Inhaled CO2 can 
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be corrected for, however this volume is negligible and can either be omitted or 
roughly estimated. For example, assuming an inhaled volume of 6.70 liters at 
STP (the exhaled volume at STP) and an atmospheric CO2 concentration of 
0.03%, the inhaled volume of CO2 is approximately 2 ml. Hence, a reasonable 
estimate of inhaled CO2 may be 1% of exhaled CO2. From the produced 
volume of CO2 of 258 ml, and assuming RQ = 0.85, the RMR from the Weir 
equation is 2103 kcal/day, and minute VO2 is 304 ml. 

Hence an improved spirometer 1, adapted to provide an estimated 
metabolic rate, comprises a flow path 10; a flow sensor 14; a Cj^nometer 52; a 
processor 20 adapted to receive data from the capnometer 52 and flow sensor 
14, to identify exhalations, to integrate exhaled flow data into exhaled flow 
volumes, and to integrate exhaled flow data and capnometer data into exhaled 
carbon dioxide volumes; a display 26 adapted to show measured metabolic 
rate; a memory 22, 24 to store data related to RQ, parameters associated with 
the Weir equation and any correction factors; a data entry mechanism 32 such 
as a switch whereby the user can enter a value for RQ; and a pressure sensor 
34. 

Yet a further embodiment of a low cost spirometer 1 includes a flow 
path and a flow sensor providing a signal correlating with flow rates along the 
flow path. The spirometer includes a mixing chamber and a gas component 
sensor disposed within the mixing chamber The chamber is configured so as 
to provide mixing of gases passing through it, as is known in the art, for 
example using a turbulence inducing structure. The gas component (oxygen or 
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carbon dioxide) sensor provides a signal that coirelates Ihe average 
concentration of the gas component within the respiration, preferably within an 
exhalation. This signal is averaged over a number of breaths, so as to provide 
an average gas component concentration for inhalations or exhalations. For 
example, a flow sensor may provide a signal indicative of an exhaled minute 
volume (Ve) of 7,5 liters. An oxygen sensor disposed within a mixing chamber 
provides a signal indicative of an average exhaled oxygen concentration of 
16%, i.e. minute exhaled oxjrgen volume of 1.2 liters at the effective exhalation 
temperature, or 1.073 liters of oxygen at STP. The response time of the oxygen 
sensor need not be effectively instantaneous on the time scale of respiration, as 
it provides an average value, providing a cost savings. Using an assumed value 
of respiratory quotient (e.g. 0,85), the minute inhalation volume can be 
determined at STP. The inhaled oxygen concentration is Ihe atmospheric 
o^Qi^gen concentratioa 

Hence, oxygen consumption is determined by subtracting Ihe inhaled 
oxygen volume from the exhaled oxygen volume, and the metabolic rate of the 
person is calculated using the Weir equation. Advantageously, the flow path of 
the low cost spirometer includes one or more valves, so that only exhalations 
pass through the mixing chamber. In Ihis case, the mixing chamber is used to 
store a number of breaths, so as to detemiine an average oxygen (or carbon 
dioxide) component concentration for a number of exhalations. 

Referring to FIG. 5, an example of a spirometer 200 with one or more 
valves is illustrated. The spirometer 200 has a mouthpiece 202 with an 
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aperture 208. Air is drawn in through valves 204 and 205, and exhalations pass 
through valve 206 into a flow path 214, tiie gas flow directions are indicated by 
arrows at 224A, 224B, 224C. The spirometer 200 includes a flow sensor 212 
disposed within the flow path 214, a chamber 216, a radiation source 218 and 
radiation sensor 220 configured to measure the gas component concentrations 
wilhin flie chamber, and an outlet 222. The spirometer 200 also has an 
electronics circuit adapted to determine exhaled volumes using data from the 
flow sensor 212, and the average gas component concentration in the exhaled 
gases. A fluorescence gas sensor may also be used. An example of a flow 
sensor 212 is an ultrasonic transducer within ftie flow path 214. The metabolic 
rate of the user is determined fi:om the exhaled volume and oxygen and/or CO2 
concentrations in the exhaled gas. It should be appreciated that the end-tidal 
oxygen and carbon dioxide concentrations for an individual taid to be constant, 
and these concentrations are used to calibrate data firom respiratory analysis. 

In still yet a further embodiment, tfie spirometer module is an accessory 
to a personal digital assistant (PDA) 60. An example is disclosed U.S. Patent 
Nos. 6,159,147 and 5,827,179 to Lichter, the contents of wliich are 
incorporated herein by reference. The data enixy mechanism 60 A, display 60B, 
processor, and memory of tibie PDA are used to analyze data fi-om the flow 
sensor in Ihe spirometer module, and to calculate a metabolic rate. An 
algorithm on the PDA may be used to detect relaxed breateig for RMR 
detection. The module may be wirelessly connected to a PDA, so as to allow a 
module embedded in a mask to be wom during exercise. 
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Referring to FIG 6, a method of deteraiining a metabolic rate of a 
person using the cost-effective measuring devices previously described, is 
provided. The method begins in block 300 and advances to block 305. In 
block 305, the methodology measures an e^dialed gas volume for the person 
5 using the spirometer 1, as previously described. The exhaled gas volume for 
the person is measured for a predetemiined period of time, such as the volume 
of gas exhaled per minute). 

Alternatively, breath volume is estimated by another technique. For 
example, a person is provided with a physiological monitor 54 such as a chest 
10 strap that transmits an electrical signal representative of chest expansion and 
contraction. The electrical signal is conrelated with inhaled and exhaled 
volumes^ and also correlated witii metabolic measurements made using the 
GEM. Other physiological parameters may also be correlated with breath 
volume, and include a noise signal from the trachea, heart rate, pressure sensors 
15 near the mouth, noise signals from the chest, EKG signals, and other 
parameters. Advantageously, by relating exhaled volumes to metabolic rate, 
exhaled volume can be used in relaxation therapies. 

The methodology advances to block 310 and determines a respired gas 
volume for the person using tiie exhaled gas volume and a ventilatory 
20 equivalent. The ventilatory equivalent (VEQ) for the person is preferably 
determined in a calibration procedure. The calibration procedure meastires the 
oxygen consumed by the person (or carbon dioxide produced) as a function of 
exhaled gas volume. The calibration procedure is preferably carried out for the 
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person at rest, so as to allow resting melabolic rate to be determined from 
exhaled volume measurements and VEQ. The calibration procedure can 
ftffther be carried out for the person during exercise so as to allow ventilatory 
equivalent values to be determined over a range of exercise intensities. 
Exercise intensities, or activity levels, can be characterized by a physiological 
parameter sensitive to activity level such as heart rate, exhaled volume, and the 
like. 

Alternatively, the VEQ is estimated from demographic information, 
such as age, gender, ethnicity, weigjit, heigjit, and other physical 
characteristics. A database can be estabhshed for groups of people, for 
example participants in commercial wei^t control programs, and the database 
can subsequently be used to estimate VEQ for a persoa VEQ can be 
determined for a person by comparing demographic data for the person with 
that of other persons for whom VEQ has been measured, i.e. using a database 
maintained on a central health network 38. A person may provide 
demographic data to a software program running on a computing device, the 
program estimating VEQ from the data. 

It should be appreciated tiiat oxygen consumption for a person sitting or 
standing may be slightly higjier than for the person in a folly relaxed position, 
such as lying down. However, VEQ is sinwlar in both cases, and also for mild 
exercise levels below the anaerobic threi^old. Hmce, VEQ can be determined 
for a person in a semi-relaxed state using e.g. a suitably adapted indirect 
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calorimeter, and the value of VEQ used for RMR measurements even if VEQ 
is not determined in a fully relaxed state, 

A calibration curve of VEQ versus total exhaled volume Ve is 
established for a person, e.g. using a suitably adapted CEM. The value of VEQ 
may rise as Ve increases due to exercise. The personal calibration curve can be 
transmitted in some convenient manner to a spirometer 1. It should be 
appreciated lhat VEQ can also be correlated with other parameters, such as 
respiration frequency, heart rate, skin temperature, and otiier physiological 
parameters in a manner to be described. 

The methodology advance to block 315 and determines the metabolic 
rate for the person from the respired gas volume. The respired gas volume is 
preferably the volume of oxygen consumed by the person, but may also be the 
volume of carbon dioxide produced by fee person. Gas volumes are 
conventionally measured in milliliters per minute (ml/min), but other volume 
and time periods can be used with accorditig modification of any metabolic 
equations using the measurements. 

It should be appreciated that calculation of metabolic rate improves if 
the respiratory quotient is knowa The respiratory quotient RQ is the ratio of 
CO2 volume produced to oxygen volume consumed. For metabolism of 
carbohydrates only, the value is unity. If proteins and fat are also being 
metabolized, RQ is less Htm imity. 

For a person on a regulated diet, or a person having an accurate diet log, 
the value of RQ can be estimated based on diet components expected to be 
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metabolized at the time of measurement For example, REE is determined at a 
predetermined time, such as 3 hours after a balanced meal is consumed. 
Measurements for representatives of various demographic groups can be used 
to estimate RQ under such conditions. A GEM or olher such respiratory 
5 analyzer with oxygen and/or carbon dioxide sensors can also be used to 
determine RQ for the person after various meals, A database is established by 
tiie RQ, so that the RQ is estimated for a peison using demographic 
information, physiologic information (such as RMR and body fat percentage), 
diet log data, and time ftom previous meals eaten, 

10 A spirometer 1 equipped with pressure, temperature and humidity 

sensors 34, 40, 42 provides for correction of inhaled volumes to standard 
volumes. If VEQ is known, the difference between inhaled and exhaled 
volumes is related to respiratory quotient RQ. RQ is calculated, giving 
information on metabolic processes; however, accurate volume measurements 

15 axe needed. 

Calorie density, the calorie deficit required for one pound of body 
weight loss, is conventionally assumed to be 3,500 calories per pound. 
However, this is determinable more accurately from the person's diet log, 
allowing a more accurate estimate of weight loss from a giv^ calorie deficit to 

20 be made. 

A person's brealhing may be unnatural after starting to use a spirometer 
1 . Hie methodology may also include the step of detecting the onset of normal 
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breafliing before measuring Ihe gas volumes as shown at 320. Data from ttie 
first few breaths can be discarded. 

Altematively, the metaboUc rate for tiie person is determined using the 
exhaled gas volume and a numerical parameter. The numerical parameter is 
related to the ventilatory equivalent of the person. The ventilatory equivalent 
for oxygen for a person is typically in the range 20-40 for normal subjects who 
are not hyperventilating or sick. Hence, a spirometer 1 may be provided which 
determines the exhaled volume of gas for the person and determines the 
metabohc rate of ihe person using an assumed ventilatory equivalent in Ihe 
range 20 to 40. 

For example, a person measures their exhaled volume (Ve, minute 
v^tilation) as 7.5 liters using a spirometer 1. Assuming an exhaled humidity 
of 100%, and effective temperature of exhaled gases wiftin the spirometer 1 of 
32.5X, this corresponds to a dry volume of 7.14 liters, and a volume of 6.38 
liters at STPD. Assuming a ventilatory equivalent for oxygen of 28, this 
corresponds to an oxygen consumption volume of 228 ml. Assuming a 
respiratory quotient of 0,85, this corresponds to an RMR of 1580 kcal/day, 
using flie Weir equation. 

Altematively, Ve and RMR may be experimentally correlated using an 
indirect calorimeter. Suppose a person has an RMR of 1580 kcal/day while 
exhaling a minute volume of 7,500 milliliters, as determined using a spirometer 
1. hi this case, an equation of the form RMR = BVe can be used, where B (a 
constant of proportionahty between exhaled (miaute) volume and resting 
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metabolic rate) has the value 0.21 kcal/day'^ml'^ The effective temx B includes 
a contribution from VEQ, and may be calculated using a measured or assumed 
value of VEQ. MeasiirementofVE then allows determination of KMR without 
the use of an indirect calorimeter. It should be appreciated that metabolic rate 
during exercise can be determined using a similar method. 

The effective temperature of exhaled gases within the flow path of Hie 
spirometer 1 may be flow rate dependent, but tfiis can readily be corrected for. 
A person may initially hyperventilate when breathing into a spirometer 1, but 
this can be detected using an algorithm. Metabolic rates may be determined 
vAien tidal volumes have leveled off to a normal level, when respiratory 
frequency has leveled off, or when some other respiratory or physiological 
parameter has normalized after an initial period. 

It should be appreciated ftat having measured RMR using an indirect 
calorimeter, fijrther measurements can be determined. For example, a person's 
body fat percentage can be calculated by comparing the measured RMR 
reading with the parameters used in the Harris-Benedict equation. For a given 
set of demographic data, such as age, ethnicity, gender, height, and weight, 
RMR increases as body fat decreases. Body fat does not contribute to RMR. 
In another example, the GEM may be used in which flie user enters 
demographic data, and receives a calculation of body fat determined by the 
measured RMR. 

hi another example, a person's total energy expenditure TEE can be 
calculated. TEE is the sum of resting energy expenditure REE and activity 
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energy expenditure AEE, i.e. TEE = REE + AEE. REE is significantly larger 
than AEE, and can be determined accurately using an indirect calorimeter such 
as the GEM. However, knowing REE, TEE can be estimated with reasonable 
accuracy using a spirometer 1 and knowledge of VEQ, A person may carry a 
spirometer 1, equipped with a respiratory coimector (not shown) such as a 
helmet, mouthpiece or mask. Measurement of Ve allows TEE to be estimated 
during exercise. Subtracting ihe value of REE determined using the GEM 
gives an estimate of AEE, which can be used in calorie balance appHcations, 
Hence, a method of measuring AEE for an activity includes the steps of 
measuring REE using the GEM; measuring a ventilatory equivalent (VEQ), at 
rest and at one or more activity levels; measuring Ve during an activity using a 
spirometer 1; determining TEE for tiie activity jfrom Ve and VEQ; and 
estimating the activity energy level by subtracting REE from TEE. The 
estimated AEE can then be used in a calorie management program, such as that 
disclosed in U.S. Patent Application Serial No. 09/685,625 also to Mault, the 
disclosure of which is incorporated by reference. 

It should also be appreciated that metaboUc rate can be estimated from 
a combination of one or more physiological parameters. For example, in U.S. 
Patent No. 6,030,342 to Amano, incorporated herein by reference, a 
combination of heart rate and body tmiperature measurements are used to 
estimate a person's metabolic rate. Physiological parameters are correlated 
with metabolic rate using an indirect calorimeter. For example, heart rate, total 
exhaled volxmie (Ve), body temperature, respiration frequency, skin 
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temperature and other physiological parameters may be correlafed. During 
exercise, a person measures heart rate, and correlates the heart rate with the 
metabolic rate determined msing the CSM, Jn future exercises, the person 
carries a heart rate monitor only and estimates flieir metabolic rate from the 
heart rate measured by the seizor, by subtracting their known resting metaboUc 
rate from the value suggested by the heart rate, and activity energy expenditure 
is determined for the exercise. It should be appreciated that activity energy 
expenditure may be used in tiie calorie management programs previously 
described. 

The ventilatory equivalent VEQ and one or more physiological 
parameters are combined to estimate a person's metabolic rate. Alternatively, 
VEQ is corrdated with a physiological parameter, for example using an 
equation such as VEQ = A + Bf, v/h&re A and B are constants and f is a pulse 
rate, to estimate the person's metabolic rate. 

The present invention has been described in an illustrative manner. It is 
to be understood that ftie terminolosr, which has beai used, is intended to be in 
the nature of words of description rather than of limitation. 

Many modifications and variations of the present invention are possible 
in li^t of the above teachings. Therefore, within the scope of the appended 
claims, the present invention may be practiced other than as specifically 
described. 
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Claims 

1 LA method of metabolic rate measurement for an individual, the 

2 method comprising the steps of: 

3 measuring an exhaled gas volume for the individual using a spirometer 

4 having a flow path enclosed by a flow tube, and a flow sensor disposed in the 

5 flow path for sensing tiie exhaled gas flow fi-om Ifae individual, a display and a 

6 processor having a memory that processes a signal fi"om Ihe flow sensor; 

O 7 determining a respired gas volume for Ihe individual using the exhaled 

■11 8 gas volimie and a ventilatory equivalent; and 

"SB" 

9 determining a metaboUc rate for the individual from the respired 

10 volume. 

.ass. 

Ml 

1 2. The melfaod of claim 1, including the step of using the 

:ff 2 ventilatory equivalent for oxygen, \^4lerein the ventilatory equivalent is 

ill 

3 determined from a predetermined calibration relationship between oxygen 

4 consumed by the individual as a function of exhaled gas volume. 



1 3. The me&od of claim 1, including the step of using the 

2 ventilatory equivalent for oxygen, wiierein the ventilatory equivalent for 

3 oxygen is determined from predetermined demographic data related to the 

4 individual stored in the memory of the processor 
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1 4. The method of claim 1, including Ifae step of detemiining a 

2 ventilatory equivalent while the individual is at rest and using the resting 

3 ventilatory equivalent and the exhaled volume to determine a resting metabolic 

4 rate. 



1 S. Hie method of claim 4, including the step of determining a 

2 ventilatory equivalent while the individual is exercising and using the exercise 

3 ventilatory equivalent and the exhaled volume to determine an exercise 



S; 4 metabolic rate. 



f" 1 6. Hie method of claim 5 including Ihe step of determining an 

2 activity energy expenditure for the individual during exercise by determining 

|i 3 an exercise metabolic rate for the individual during the exercise using the 

4 exercise ventilatory equivalent and deteririining the activity energy expenditure 

5 for the exercise by subtracting tiie resting metabolic rate of the person from the 

6 exercise metabolic rate. 



1 7. The method of claim 6, including the step of determining a total 

2 energy expenditure as a sum of the resting energy expenditure and the activity 

3 energy e?q)enditure for the individual. 

1 8. The metiiod of claim 7 wherein Ihe resting energy expenditure is 

2 determined using a gas exchange monitor. 
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1 9. The method of claim 1, including the step of determining a 

2 ventilatory equivalent while fte individual is exercising and using tfie exercise 

3 vaitilatory equivalent and the exhaled volume to determine an exercise 

4 metabolic rate. 

1 10. The method of claim 1, including Ihe step of determining the 

2 ventilatory equivalent for carbon dioxide and using the ventilatory equivalent 

3 for carbon dioxide in determining the metabolic rate. 

1 11. The method of claim 1, \^*ierein said step of using the 

2 ventilatory equivalent includes the step of determining the ventilatory 



Q 3 equivalent from a physiological parameter of Ihe individual. 

%. 1 12. The method of claim 1, including the step of determining if the 



2 individual's breattiing is normal before measuring ihe exhaled gas volume. 

1 13. The method of claim 1, vsdierein the ventilatory equivalent is 

2 determined for the person using an indirect calorimeter adapted to be wom by 

3 the person during performance of an exercise. 

1 14. The method of claim 1 including the step of itiitialiy 

2 determining a ventilatory equivalent using an indirect calorimeter. 
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1 15. A method of deterniining the resting metaboUc rate of a person 

2 using a flow meter, the method comprising: 

3 measuring an exhaled volume for Ihe person using the flow meter; 

4 determining a consumed volume of oxygen from the exhaled volume 

5 using a ventilatory equivalent for oxygen, the ventilatory equivalent for o^g^gen 

6 being determined in an initial procedure; and 

7 determining the resting metabotic rate from fte consumed value of 



Si 8 oxygen. 



1 16. The mefliod of claim 15, v^^erein Ihe initial procedure includes 
f ^ 2 the step of measuring the ventilatory equivalent for oxygen by determining 

H 3 exhaled flow vohimes and consumed oxygen vohimes. 

Ml 

1= 

:f! 1 17. A method of determining a metaboUc rate of a person, ttie 

ill 

2 method comprising ttie steps of: 

3 determining an exhaled volume; 

4 determining a component gas average concentration in the exhaled 

5 volume, wherein tiie component gas is eithar oxygen or carbon dioxide; 

6 determining a component gas exhaled volxmie from the component gas 

7 average concentration and the exhaled volume; 

8 estimating an inhaled volume for the person; 

9 determining a component gas inhaled volume from the inhaled volume 
10 and a component gas inhaled concentration; 
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11 detennining a difference volume between the component gas inhaled 

12 volume and the component gas exhaled voliraie; and 

13 deteraiining the metabolic rate of the person using tiie difference 

14 volume. 

1 18. A spirometer for determining a metabohc rate for an individual 

2 comprising: 

3 a flow path; 

4 a flow sensor disposed in said flow path, wherein said flow sensor 

5 senses a flow rate of exhaled ^s fi-om the individual through said flow pafli; 

6 a processor having a memory in communication with said flow sensor; 

7 wherein said processor receives a signal firom said flow sensor of flow rate, 

14! 

8 integrates the flow rate data, and detemiines a metabolic rate fi*om a ventilatory 



m 



1^3 



9 equivalent and the flow rate measurement 

1 19. The spirometer of claim 18 further comprising a data entry 

2 mechanism. 
1 

1 20. The spirometer of claim 1 8 further comprising a display for 

2 displaying the detemiined metabolic rate. 
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1 21. The q)irometer of claim 1 8, fijrflier comprisiiig a pressure sensor, 

2 wherein a measured pressure is used to correct the flow volume of exhaled gas 

3 to a standard pressure. 

1 22. The spirometer of claim 15, wherein said flow sensor is an 

2 ultrasonic transducer for measuring ten:5)erature, humidity and pressure. 

1 23. The spirometer of claim 18, wherein said spirometer is 

2 operalively in communication with a personal digital assistant 

1 24. The spirometer of claim 18, further comprising a capnometer for 

i3 2 measuring a flow volume of CO2, and the ratio of exhaled volmne to carbon 

; < it 

SI 3 dioxide production volimie is used to determine the ventalatory equivalent for 

£1 4 carbon dioxide. 

ill 

1 25. The spirometer of claim 18 further comprising a temperature 

2 sensor 40 for measuring the temperature of the exhaled gas. 

1 26. The spirometer of claim 1 8 flirther comprising a wireless 

2 network connection for communication with a central healtii network over a 

3 communications network. 
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1 27. A spirometer for determining a metabolic rate for an individual 

2 comprising: 

3 a flow path; 

4 a flow sensor disposed in said flow path, wherein said flow sensor 

5 senses a flow rate of exhaled gas from the individual throu^ said flow path; 

6 a mixing chamber integral with said flow path and a gas component 

7 sensor disposed in said mixing chamber for sensing a composition of the 

8 exhaled gas, wherein the gases passing through the mixing chamber are mixed 

9 together; 

10 a processor having a memory in communication with said gas 

1 1 component sensor and said flow rate sensor; wherein said processor receives a 

12 signal firom said flow sensor of flow rate and a signal firom said gas component 

13 sensor that correlates the average concentration of ttie gas component within 

14 tiie respiration, integrates the flow rate data, determines oxygen consimiption 

15 by subtracting the inhaled oxygen volume from the exhaled oxygen volxmie 

16 and detemiines a metaboUc rate from the oxygen consumption. 

1 28. A spirometer as set forth in claim 27 wherein said mixing 

2 chamber stores a plurality of breaths for determining an average oxygen 

3 component concentration for a plurality of exhalations. 

1 29. A spirometer as set forth in claim 27 fiirther comprising a 

2 mouthpiece with an aperature transmitting air into the flow path. 
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30. A spirometer as set forth in claim 27 fbrther comprising an 
inhalation valve and an exhalation valve disposed between said mouflipiece 
and said flow pafli, \^4lerein inhaled air passes fhrou^ said inhalation valve 
and exhaled air passes througji said exhalation valve. 
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Abstract 

A spirometer for determining a metabolic rate for an individual includes 
a flow pathway and a flow sensor disposed in the flow path, such that the flow 
sensor senses a flow rate of exhaled gas firom the individual through the flow 
5 path. The spirometer also includes a processor having a memory in 
communication with the flow sensor. A method of metabolic rate measur^ent 
for the individual includes the steps of measuring an exhaled gas volume for 

1^=, the individual using the spirometer, determining a respired gas volimie for the 

SI 

i|i individual using the exhaled gas volume and a ventilatoiy equivalent, and 

'II 

ip 1 0 determining a metabolic rate for the individual from the respired volume. 
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My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 
which a patent is sought on the invention entitled 
A SYSTEM AND METHOD OF METABOLIC RATE MEASUREMENT 



l^l the specification of which 

:|| (check one) 

S is attached hereto. 

fil □ was filed on as United States Application No. or PCT International 

Application Number 

r| and was amended on 

(if applicable) 

p I hereby state that i have reviewed and understand the contents of the above identified specification, 
O including the claims, as amended by any amendment referred to above. 

ill 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United 
States, listed below and have also identified below, by checking the box, any foreign application for 
patent or inventor's certificate or PCT International application having a filing date before that of the 
application on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 



□ 

(Number) (Country) (Day/MonthA'ear Filed) 

□ 

(Number) (Country) (Day/Month/Year Filed) 

'. □ 

(Number) (Country) (Day/Month/Year Filed) 
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I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 



60/273.143 


3/2/01 


fAoDlicatlon Serial No ^ 


/'Filina Date^ 


60/275,931 


3/15/01 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



I hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 

Section 365(c) of any PCT International application designating the United States, listed below and, 
\,,L insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
Q United States or PCT International application in the manner provided by the first paragraph of 35 
Q U.S.C. Section 112, I acknowledge the duty to disclose to the United States Patent and Trademark 

Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
P Section 1.56 which became available between the filing date of the prior application and the national 

or PCT International filing date of this application: 



(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 


(Application Serial No.) 


(Filing Date) 


(Status) 






(patented, pending, abandoned) 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 



Ernest L Gifford (Reg. No. 20,644) 
Allen M. Krass (Reg. No. 18,277) 
Irvin L, Groh (Reg. No. 17,505) 
Douglas W. Sprinkle (Reg. No. 27,394) 
Douglas J. McEvoy (Reg. No. 34,424) 
John G. Posa (Reg, No. 37,424) 
Mark D. Schneider (Reg. No. 43,906) 
Thomas E. Anderson (Reg. No. 31,318) 
Ronald W. Citkowski (Reg. No. 31,005) 
Judith M. Riley (Reg. No. 31,561) 
Douglas L. Wathen (Reg. No. 41,369) 



Ellen S. Cogen (Reg. No. 38,109) 
Avery N. Goldstein (Reg. No. 39,204) 
Roberta J. Morris (Reg. No. 33, 196) 
Beverly M. Bunting (Reg. No. 36,072) 



r Send Correspondence to: ^^^^^^^ Bunting 

2: Gifford, Krass^ Groh, Sprinkle, Anderson & Citkowski, P.C 

::; 280 N. Old Woodward, Ste. 400 

^- Birmingham, MI 48009 

/i Direct Telephone Calls to: (name and telephone number) 

2) Beverly M. Bunting (248) 647-6000 



Full name of sole or first inventor 
James R. Mault 



Sole or first inventor's signature 



Date 



Residence 
Evergreen, CO 
Citizenship 
US 

Post Office Address 
1580 Blakcomh Court 



Evergreen, Colorado 80439 



Full name of second inventor, if any 



Second inventor's signature Date 



Residence 



Citizenship 



Post Office Address 
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